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后给予生理盐水微渗透泵。10天后对 4 组分别进行Morris 水迷宫实验，第
15天行MRI检测，然后收集脑脊液，处死动物，收集脑组织标本，行 HE、





组 14.72mm3（中位数值），范围：8.778～28.52 mm3，n=14；脑积水组 161.4mm3
（中位数值），范围：24.97～218.1mm3，n=13；p<0.05，具有显著性差异。
（2）水迷宫实验结果显示：脑积水组大鼠的潜伏期长于对照组，且在






盐水对照组分别为 79.96 ng/ml (63.63～112.84 ng/ml)，192.48 ng/ml（155.95～
248.33 ng/ml），168.59 pg/ml（106.51～212.43pg/ml），脑积水组分别为：172.67


































和 MMP-9 含量降低，具体如下：阴性干预对照组分别为 142.79ng/ml
(100.58~215.73ng/ml) ， 416.52ng/ml(329.32~492.34ng/ml) ， 396.19pg/ml
(238.61~479.33pg/ml)；pHGF干预组分别为 69.61ng/ml (50.62~87.63ng/ml)，
227.68 ng/ml (148.07~261.80 ng/ml)，257.00 pg/ml (202.75~297.74 pg/ml)，P
＜0.05，均具有显著性差异；





















































Purpose:This study attempted to investigate the mechanism of the fibrosis of
communicating hydrocephalus induced following intra-ventricular kaolin injection in
adult rats and the effect of anti-fibrosis therapy with the pHGF.
Methods: Adult male Sprague-Dawley rats (250 ±10g) were randomly divided
into 4 groups: control group (n=15), hydrocephalic group (n=15), saline treatment
group (n=15) and pHGF treatment group (n=15). A 30-μl sterile suspension of 3%
kaolin was injected into the lateral ventricle of hydrocephalic group animals to
construct communicating hydrocephalus. Control rats underwent the same procedure
but received sterile saline injection instead of kaolin. In the pHGF treatment group
animals, A 30-μl sterile suspension of 3% kaolin was injected into the lateral ventricle
and pHGF (about 8 mg per mouse) was administered by constant intraventricular
infusion using the models of osmotic mini-pump (Model 2002; Alza Co., Palo Alto,
CA) for infusion of drug for 14 days, simultaneously. Saline treatment group rats
underwent the same procedure but received sterile saline injection instead of pHGF.
Ten days later, spatial learning and memory was examined with the MWM. MRI was
performed on all animals after 15 days post-injection (after MWM test). On
post-injection day 16 following the MRI, samples of CSF and brain tissue were
collected from the cisterna magna before euthanasia. Finally, these samples were
detected by elisa assay, immunohistochemistry and quantitative reverse-transcription
polymerase chain reaction (qRT-PCR) analyses.
Results: 1. control group vs hydrocephalic group:
1.1 All animals excluding 1 rat with kaolin injection into the lateral ventricle
developed moderate to severe hydrocephalus (ventricular volume: mean value,
141.60±51.140 mm3; median value, 161.4mm3; range：24.97～218.1mm3，n=13);
however, animals with saline injections into the lateral ventricle did not develop
hydrocephalus (ventricular volume: mean value, 15.27±6.329 mm3; median value,














difference between two groups.
1.2 The MWM results revealed that the hydrocephalus group tended to require
more time to find the platform than control group, and there was significant difference
between two groups on the 3rd day (p<0.05)（hydrocephalus group：39.20 ± 3.249s ,
n=7；control group：26.82 ± 2.576s, n=7。）. Control group spent a greater proportion
of their swimming times in the quadrant 1 that contained the hidden platform
(29.132±4.002 sec), and there was significant difference compared with the others
(p<0.05); in contrast, the mean swimming time of hydrocephalus group in the
quadrant 1 was only 19.257±4.205 sec, and there was no significant difference
compared with the other quadrants.
1.3 The CSF levels of TGF -β1, HGF and MMP-9 were significantly upregulated
in hydrocephalus rats (TGF-β1: median value, 172.67 ng/ml, range, 110.58~245.73
ng/ml; HGF: median value, 366.52 ng/ml, range, 279.32~442.34 ng/ml; MMP-9:
median value, 420.41 pg/ml, range, 278.62~485.15 pg/ml) than controls (TGF-β1:
median value, 79.96 ng/ml, range, 63.63～112.84 ng/ml; HGF: median value, 192.48
ng/ml, range, 155.95～ 248.33ng/ml; MMP-9: median value, 168.59 pg/ml, range,
106.51～212.43pg/ml.）(p<0.05).
1.4 The qRT-PCR revealed that the mRNA expression of TGF-β1 and HGF were
significantly higher in the hydrocephalus samples compared with the controls
(p<0.05)
1.5 There was significant difference between groups with respect to the
histological changes in the vicinity of the lateral ventricle and the frontal cortex.
There are a large number of glial cells hyperplasia and organization structure disorder
in the hydrocephalus samples compared with the controls. TGF-β1 and HGF
immunoreactive expressions, which were seeming up-regulation in the hydrocephalic
animals compared to controls, were found throughout the cortex and periventricular
tissue. MMP-9 protein was undetectable in the frontal cortex and periventricular














2. saline treatment group vs pHGF treatment group:
2.1 All animals of saline treatment group rats developed moderate to severe
hydrocephalus (ventricular volume: mean value, 149.9 ±19.120 mm3; median value,
156.1mm3; range：36.52～228.1mm3，n=14); however, animals with pHGF injections
into the lateral ventricle develop relatively moderate hydrocephalus (ventricular
volume: mean value, 88.17 ±20.230 mm3; median value, 71.97mm3; range：12.34～
219.5mm3，n=15). P<0.05, There was significant difference between two groups.
2.2 The MWM results revealed that the pHGF treatment group tended to
require more time to find the platform than saline treatment group, and there was not
significant difference between two groups (p>0.05). The pHGF treatment group spent
a greater proportion of their swimming times in the quadrant 1 that contained the
hidden platform (24.51±2.912 sec), and there was significant difference compared
with the others (p<0.05); in contrast, the mean swimming time of saline treatment
group in the quadrant 1 was only 18.09 ±3.665 sec, and there was no significant
difference compared with the other quadrants.
2.3 The CSF levels of TGF -β1, HGF and MMP-9 were down-regulated in pHGF
treatment group rats (TGF-β1: median value, 69.61ng/ml, range, 50.62~87.63ng/ml;
HGF: median value, 227.68 ng/ml, range, 148.07~261.80 ng/ml; MMP-9: median
value, 257.00 pg/ml, range, 202.75~297.74 pg/ml.） than saline treatment group rats
(TGF-β1: median value, 142.79ng/ml, range, 100.58~215.73ng/ml; HGF: median
value, 416.52ng/ml, range, 329.32~492.34ng/ml; MMP-9: median value, 396.19pg/ml,
range, 238.61~479.33pg/ml.）(p<0.05).
2.4 The RT-PCR revealed that the mRNA expression of TGF-β1 and HGF were
significantly higher in the pHGF treatment group samples compared with the saline
treatment group (p<0.05)
2.5 There was significant difference between groups with respect to the
histological changes in the vicinity of the lateral ventricle and the frontal cortex.
There were a large number of glial cells hyperplasia and organization structure
disorder in the saline treatment group samples compared with the pHGF treatment














seeming upregulation in the pHGF treatment group samples compared to the saline
treatment group samples, were found throughout the cortex and periventricular tissue.
TGF-β1 expression was down-regulation.
Conclusions:
1. Our results demonstrated further that the hydrocephalic model is stable and
particularly effective and should be widely used.
2. After the pHGF treatment, the impairment of spatial learning and memory
ability can be improved.
3. TGF-β1, HGF and MMP-9 may participate in the formation, development and
prognosis of hydrocephalus
4. After the pHGF treatment, down-regulated TGF-β1and up-regulated HGF and
MMP-9 can postpone in the formation and development of hydrocephalus, and may
have a therapeutic role for hydrocephalus.
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pHGF Hepatocyte Growth-Promoting Factor 促干细胞生长素
CSF Cerebrospinal fluid 脑脊液
TGF-β1 Transforming growth factor-β1 转化生长因子β1
HGF Hepatocyte growth factor 肝细胞生长因子
MMP-9 Matrix metallopeptidase-9 金属基质蛋白酶9
MMPs Matrix metalloproteinases 基质金属蛋白酶
Elisa Enzyme-linked immunosorbent 酶联免疫吸附测定法
MRI Magnetic resonance imaging 磁共振成像




mRNA messenger ribonucleic acid 信使核糖核酸
ECM Extracellular matrix 基质金属蛋白
TIMP
Tissue inhibitor of matrix
metalloproteinase
基质金属蛋白酶抑制剂物
HSS H epatic stimulatory substance 肝刺激物
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